Introduction {#S0001}
============

Trabeculectomy was introduced in 1968 by Cairns[@CIT0001] that has become the most commonly performed surgery for glaucoma management.[@CIT0002] The initiation of anti-fibrotic usage improved surgical results.[@CIT0003],[@CIT0004] However, this was associated with significant complications including hypotony and endophthalmitis.[@CIT0005] In an attempt to reduce complications associated with trabeculectomy, non-penetrating deep sclerectomy (NPDS) - by creating an intact trabeculo-Descemetic membrane (TDM) - was popularized as an alternative procedure in the late eighties by Fyodorov and Kozlov.[@CIT0006],[@CIT0007] NPDS also provides additional aqueous drainage pathways through the intra-scleral lake and suprachoroidal space.[@CIT0008],[@CIT0009] Nonetheless, a recent meta-analysis[@CIT0010] showed NPDS to be less effective in reducing IOP than trabeculectomy for patients with open-angle glaucoma. Moreover, NPDS is a technically more challenging procedure to perform than trabeculectomy. The quest for better and safer surgical techniques continues. We are interested to know whether combining two surgical procedures could provide certain benefits. Herein, we report a pilot study on the surgical outcome and complications of a novel technique combining modified deep sclerectomy and trabeculectomy (mDST) for surgical treatment of glaucoma.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

Patients who underwent mDST from 2007 to 2012 in Glaucoma Center Montchoisi Clinic, Lausanne, Switzerland were included. Eligibility criteria were: (1) Age ≥ 21 years (2) Diagnosis of primary or secondary open and closed angle glaucoma (3) Minimum of 2 years follow-up. Informed written consents were obtained before surgery from all the patients and the study was approved by Institutional Review Board and adhered to the tenets of the Declaration of Helsinki.

Pre-Operative Data {#S0002-S2002}
------------------

Pre-operative data consisted of patient demographics, the Snellen distance best-corrected visual acuity (BCVA), the highest intraocular pressure (IOP) before surgery measured using a Goldmann applanation tonometer, the number of IOP-lowering medications used at the time of listing for surgery. For patients using topical combinations, the medications were counted according to the number of active drugs. If systemic acetazolamide was used, it was counted as one drug.

Operative Procedures {#S0002-S2003}
--------------------

One experienced surgeon (AM) performed all the surgeries under retrobulbar anesthesia. A superior corneal traction suture (6--0 Silk, Alcon^®^ Inc) was applied to mobilize the globe for better exposure of the surgical site. Employing a fornix-based approach, limbal peritomy was made for about 3--4 clock hours followed by a proper dissection under the conjunctiva and Tenon's capsule to create a sub-Tenon pouch. Hemostasis was maintained using a mild wet field bipolar cautery. Polyvinyl alcohol sponges soaked in 0.2 mg/mL Mitomycin-C (MMC) were placed in the pouch, the duration of application depended on the age of the patient and the status of the conjunctiva. The pouch was then thoroughly irrigated with 20 to 30 mL of balanced salt solution. A 5x5 mm limbus-based scleral incision was made and a superficial flap of about one-third scleral thickness was fashioned using Crystal-Red sclerectomy knife (Huco^®^ Vision Switzerland). The dissection of the superficial flap was extended 1 mm further into the clear cornea. A deeper scleral incision of 4x5 mm with a margin of 0.5 mm on each side was made with a 25° Diamond knife (Huco^®^ Vision Switzerland) that was dissected leaving only a very thin layer of deep sclera over the uveal tissue. The deeper dissection was also carefully extended onto the clear corneal stroma to expose the TDM, then the deeper scleral flap was excised. Thereafter, the TDM was punctured and partially excised followed by iridectomy. Intra-operative materials were placed under the flap to act as a space maintainer and offer some resistance to the aqueous flow. The flap was then secured using 10--0 Nylon (Mani^®^ Inc. Japan) with several interrupted sutures to achieve only minimal aqueous ooze. The conjunctiva and Tenon's capsule were closed watertight with one or two running 8--0 Polysorb (Covidien™ USA).

Intra-Operative Materials {#S0002-S2004}
-------------------------

Different intra-scleral space maintainer used were ophthalmic viscoelastic devices (OVD) such as HealaFlow^®^ (2.25% cross-linked sodium hyaluronate), Healon^®^ (1% sodium hyaluronate) and collagen implants such as Aquaflow^®^ (lyophilized porcine scleral collagen), Ologen^®^ (cross-linked lyophilized porcine type I atelocollagen and glycosaminoglycans). The selection for the type of space maintainer was based on the experience and at the discretion of the surgeon (AM).

Perioperative Data {#S0002-S2005}
------------------

The perioperative data obtained were the concentration and duration of MMC application, the type of space maintainer used, the type and method of sutures used to close the scleral flap and the type of anesthesia. Any perioperative complications were noted.

Post-Operative Follow-Up {#S0002-S2006}
------------------------

Post-operative data included IOP, BCVA and use of IOP lowering medication at 1 day, 1 month, 3 months, 6 months, 12 months, 2 years, and yearly thereafter. Post-operative complications such as bleb leak, hyphema, flat/shallow anterior chamber, hypotony, choroidal detachment, hypotonic maculopathy, encysted bleb, blebitis, endophthalmitis or others (described in free text) were recorded. Any post-operative interventions such as ocular massage, injection of OVD, conjunctiva re-suturing, needling, antimetabolite injection, compression sutures, autologous blood injection, revision for hypotony, and others (described in free text) were also noted.

Outcomes {#S0002-S2007}
--------

The outcome measures were based on the outcome criteria proposed in the World Glaucoma Association Guidelines.[@CIT0011] The main outcome measure was the rate of success as defined by the following criteria: (i) criterion 1 = IOP ≤21 mmHg or reduced by ≥20% of pre-operative IOP or IOP ≥6 mmHg on 2 consecutive time points after 3 months; (ii) criterion 2 = IOP ≤18 mmHg or reduced by ≥30% of pre-operative IOP or IOP ≥6 mmHg on 2 consecutive time points after 3 months and (iii) criterion 3 = IOP ≤15 mmHg or reduced by ≥40% of pre-operative IOP or IOP ≥6 mmHg on 2 consecutive time points after 3 months. A minimum follow-up of 2 years was included. Surgical success was categorized according to IOP control and the percentage of IOP reduction as detailed above. Due to the retrospective nature of this study, a single IOP measurement was used. Success was further characterized as complete success for those without ocular hypotensive medications and qualified success with ocular hypotensive medications. Failure was defined as (1) IOP measured above the upper limit or below the lower limit (6 mmHg) on 2 consecutive follow-up visits after 3 months (the second consecutive visit was counted as the time of failure). (2) Repeat glaucoma surgery. (3) Loss of light perception vision. However, the use of sub-conjunctival antimetabolite injection, bleb needling, and re-suturing or surgical revision for hypotony was not counted as failures.

Statistical Analysis {#S0002-S2008}
--------------------

Data were recorded as mean values ± standard deviation (SD) and ranges (minimum to maximum). Kaplan-Meier survival curve was used to analyze the cumulative probability of success. Student's paired *t*-test was used to assess differences in quantitative variables before and after surgery. A *p*-value of \<0.05 was considered statistically significant. The data were analyzed using Microsoft Office: mac Excel 2011 and TIBCO Spotfire SPlus 8.1 software.

Results {#S0003}
=======

Patient Demographics {#S0003-S2001}
--------------------

There were a total of 44 eyes from 43 patients with 26 females and 17 males. The mean age was 69 ± 12 years (range 35--92). The median follow-up was 40 months (range 24--77 months). The demographics of the overall data are shown in [Table 1](#T0001){ref-type="table"}.Table 1Patient DemographicsParticularsnTotal eyes (n)44Mean age, years (SD) (range)69 (±12) (35--92)Male/Female (n = 43)17/26RaceCaucasian38Blacks3Middle-eastern3DiagnosisPOAG25PACG11PEXG5NTG1Traumatic glaucoma1Aphakic glaucoma1Mean preoperative IOP (SD) (range)22 (±7.07) (11--40)Mean preoperative medications (SD) (range)2.45 (±1.21) (0--5)Previous glaucoma surgery8Previous cataract surgery12Previous glaucoma laser12Median follow-up, months (range)40 (22--77)Preoperative Snellen BCVA, mean (SD) (range)0.74 (±0.26) (PL--1.0)[^1][^2]

Thirty-eight (86.4%) eyes received MMC except 1 (2.3%) who did not get any type of antimetabolite. The concentration of MMC was 0.2mg/mL having a mean exposure time of 1.55 ± 0.82 mins. The application of the first sponge was counted as the start of MMC exposure time. There was no information on antimetabolite use in 5 (11.4%) eyes.

Thirty-two (72.7%) eyes received 2.25% cross-linked sodium hyaluronate, 6 (13.6%) eyes received 1% sodium hyaluronate, 2 (4.5%) eyes received lyophilized porcine scleral collagen, 1 (2.3%) eye received 2.25% cross-linked sodium hyaluronate + lyophilized porcine scleral collagen, and 1 (2.3%) eye received cross-linked lyophilized porcine type I atelocollagen and glycosaminoglycans. Two (4.5%) eyes did not receive any intra-scleral space maintainer.

For all eyes having a scleral flap closed with interrupted Nylon^®^ suture, 16 (36.4%) eyes had 8 sutures, 14 (31.8%) had 6 sutures, 5 (11.4%) had 9 sutures, 3 (6.8%) had 7 sutures, 2 (4.5%) had 10 sutures, 1 (2.3%) had 2 sutures, 1 (2.3%) had 4 sutures, 1 (2.3%) had 12 sutures and 1 (2.3%) had 8 sutures plus 1 additional releasable suture. None of the eyes had any adjustable sutures.

Intraocular Pressure & Anti-Glaucoma Medications {#S0003-S2002}
------------------------------------------------

The mean pre-operative IOP was 22.0 ± 7.1 mmHg (range 11--40). Forty-two (95.5%) eyes were on anti-glaucoma medications before the surgery. The mean pre-operative number of anti-glaucoma medications was 2.45 ± 1.21 (range 0--5). At the final follow-up visit, the mean IOP was 11.5 ± 4.7 mmHg (range 3--25), representing a decrease of 10.5 mmHg (- 47.9%; p\<0.0001) between the pre-operative and post-operative IOP. The IOP outcome of eyes at the final follow-up is given in [Table 2](#T0002){ref-type="table"}. The Kaplan-Meier survival curve for the eyes achieving IOP \< 21 mmHg and 20% pre-operative IOP is shown in [Figure 1](#F0001){ref-type="fig"}. The mean IOP of eyes over time is depicted as a box-and-whisker plot in [Figure 2](#F0002){ref-type="fig"}. A scatter plot comparing pre-operative IOP and post-operative IOP is shown in [Figure 3](#F0003){ref-type="fig"}. The mean number of anti-glaucoma medications per patient decreased from 2.45 ± 1.21 to 0.54 ± 0.95 (range 0--3; p\<0.0001) at the final follow-up visit. Thirteen eyes (29.5%) required 1--3 anti-glaucoma medications to control IOP ([Figure 4](#F0004){ref-type="fig"}).Table 2Outcomes for Success at the Final Follow-UpParametersIOP ≤21 mmHg or Reduced by ≥20% of Pre-Operative IOP or IOP ≥6 mmHg on 2 Consecutive Time Points After 3 MonthsIOP ≤18 mmHg or Reduced by ≥30% of Pre-Operative IOP or IOP ≥6 mmHg on 2 Consecutive Time Points After 3 MonthsIOP ≤15 mmHg or Reduced by ≥40% of Pre-Operative IOP or IOP ≥6 mmHg on 2 Consecutive Time Points After 3 MonthsComplete success22 (50%)19 (43.18%)16 (36.36%)Qualified success31 (70.45%)25 (56.81%)21 (47.72%)[^3][^4] Figure 1Kaplan-Meier survival curve showing the cumulative probability of success at 48 months follow-up.Figure 2Box-and-whisker plot showing the changes in mean IOP over time post-operatively.Figure 3Scatter graph of pre-operative versus post-operative IOP.Figure 4Graph showing number of anti-glaucoma medications per patient before and after surgery.

There were a total of 27 (61.4%) eyes that had pre-operative IOP \<22 mmHg. At the final follow-up, 20 (74.1%) of these eyes had an IOP reduction of ≥20% or more and 14 (51.9%) had IOP reduction of ≥30% or more. Eight out of the total 27 (29.6%) eyes required hypotensive medication. There were 3 (11.1%) eyes with IOP of \<6 mmHg.

Visual Acuity {#S0003-S2003}
-------------

The mean post-operative Snellen BCVA was 0.73 ± 0.24. Twenty-seven (61.4%) eyes had BCVA within 2 lines of pre-operative visual acuity. Thirteen (29.5%) eyes had a loss in BCVA. Out of which 6 (46.2%) eyes had ≥3 lines loss, 3 (50%) of them had advanced glaucomatous optic neuropathy (GON). Mean number of Snellen lines loss was 0.26 ± 0.16. Ten (22.7%) had an improvement in BCVA, of which 4 (40%) had ≥3 lines improvement. None of the patients lost perception of light vision.

Complications {#S0003-S2004}
-------------

Intra-operative and postoperative complications are shown in [Table 3](#T0003){ref-type="table"}. One (2.3%) eye required revision for early hypotony (within 3 months). Five (11.4%) had late-onset hypotony between 7 months and the final follow-up that required surgical bleb revision. Four (9.1%) had an IOP ≤5 mmHg at the final follow-up. Two of these 4 eyes lost ≥4 lines in Snellen BCVA, both of which had a pre-existing advanced GON. Three (6.8%) eyes had hyphema on the first post-operative day that resolved within 1 month. No intraoperative hyphema was encountered. Three (6.8%) eyes had bleb leaks, 2 of them occurred within 1 month after surgery and both were sutured. The last one had late-onset (60 months) leak from ischemic/avascular bleb that required bleb revision surgery.Table 3Complications: Intraoperative & Post-OperativeComplicationsNumberConjunctival button-hole0Flap tear0Posterior capsule rupture2 (4.54%)Hyphema3 (6.81%)Bleb leak3 (6.81%)Shallow anterior chamber2 (4.54%)Flat anterior chamber0Choroidal detachment0Iris plug1 (2.27%)Aqueous misdirection1 (2.27%)Hypotonic maculopathy2 (4.45%)Hypotony requiring intervention6 (13.63%)Blebitis without endophthalmitis0Bleb related endophthalmitis0Cataract surgery related endophthalmitis0Bleb dysthesia0

Interventions {#S0003-S2005}
-------------

Post-operative interventions administered from surgery to the final follow-up are shown in [Table 4](#T0004){ref-type="table"}. Bleb needling with MMC injection was done in 22 (50%) eyes. Out of which, 16 (72.7%) eyes received it within the first 6 months. Three vitrectomies were performed (1 for aqueous misdirection, 1 for epiretinal membrane and the last 1 for cataract surgery complication -- posterior capsule rupture).Table 4Post-Operative InterventionsInterventionNumberResuturing for bleb leaks2 (4.54%)Bleb needling22 (50%)Subconjunctival MMC injection22 (50%)Subconjunctival Avastin^®^ (bevacizumab) injection1 (2.27%)Laser for iris plug1 (2.27%)Viscoelastic injection4 (9.09%)Revision for bleb leak or hypotony6 (13.63%)Autologous blood injection1 (2.27%)Cataract surgery12 (27.27%)Vitrectomy3 (6.81%)Compression sutures1 (2.27%)[^5]

Discussion {#S0004}
==========

This study shows that combined mDST is an effective surgical option to reduce IOP in the management of glaucoma. The combined surgery was performed in patients with different types of glaucoma including primary open-angle glaucoma, pseudoexfoliation glaucoma, angle-closure glaucoma, traumatic and aphakic glaucoma with a follow-up of a minimum 24 months. As alluded to earlier, trabeculectomy is the most effective surgical procedure for reducing IOP in patients with open-angle glaucoma. However, it was associated with a higher incidence of complications when compared with NPDS.[@CIT0010],[@CIT0012]--[@CIT0014] Combining these two surgical procedures appears to provide a comparable result to trabeculectomy in terms of IOP reduction but with a relatively fewer rate of flat or shallow anterior chamber when paralleled retrospectively to published results.

The goal for any glaucoma therapy is the prevention of further glaucomatous optic nerve damage and visual field loss with preservation of visual function. At present, the lowering of IOP remains the only means to achieve this goal. Hence, the most useful measure of the effect of glaucoma surgery is a reduction in IOP. In the present study, the mean postoperative IOP at the final follow-up visits was 11.5 ± 4.7 mmHg, which is comparable to other studies having 13.3 ± 6.8 mmHg[@CIT0015] and 11.4 ± 6.0 mmHg[@CIT0016] after trabeculectomy. The surgical success in terms of IOP reduction achieved in our study was 50% for criterion 1; 43.2% for criterion 2; 36.4% for criterion 3 (complete success) and 70.5% for criterion 1; 56.8% for criterion 2; 47.7% for criterion 3 (qualified success). On comparing our results to trabeculectomy, a more reasonable candidate would be the Tube Versus Trabeculectomy (TVT)[@CIT0015] study, which had a similar diagnosis profile and criteria for surgical success. In the trabeculectomy arm of TVT, 40% had complete success and 26% had qualified success in 3 years follow-up compared to 50% of complete success and 70.45% of qualified success at the final follow-up in the present study. In studies comparing NPDS to trabeculectomy, the reported complete success rate varied from 40% to 79% in NPDS versus 45% to 92.6% in trabeculectomy and the qualified success rate varied from 76.5% to 95% in NPDS versus 88.9% to 95% in trabeculectomy.[@CIT0012]--[@CIT0014],[@CIT0017]--[@CIT0019] It is difficult to compare different studies and surgical techniques with dissimilar success criteria and diagnosis profile. However, one must remember that all the patients in other studies reported had common features of open-angle glaucoma, underwent primary surgery (no previous glaucoma surgery) and varied follow-up periods ranging from 12 months to 48 months. On the other hand, our study had a mixed diagnosis of glaucoma with a follow-up of minimum 24 months. Besides, we had 8 (18.2%) eyes with previously failed glaucoma surgeries after undergoing deep sclerectomy and Ex-PRESS^®^ glaucoma filtration device (Alcon^®^). Moreover, the success criteria used in the other studies were different from the current study having more rigorous criteria incorporating both IOP value and percentage reduction. These factors might explain the differences in results seen between our current report and the reports mentioned above.

Two previous studies[@CIT0020],[@CIT0021] of combined deep sclerectomy and trabeculectomy have reported a complete success rate of 83.3% to 92.2%. However, it should be noted that all their patients underwent primary glaucoma surgery, had a smaller sample (12 and 31 eyes respectively) of solely open-angle glaucoma, and had dissimilar surgical technique and success criteria with one[@CIT0021] of the studies having only 8 (25.8%) eyes by the 12-month follow-up and 13 (41.9%) eyes requiring post-operative medications. Furthermore, the follow-up period was shorter having a mean duration of 8.3 to 12 months. It must be pointed out that mean duration of 12 months follow-up is comparatively shorter when it is known for success rate to decline with time after filtering surgery.[@CIT0022]--[@CIT0024] Higher rates of shallow anterior chamber were reported in 13%[@CIT0020],[@CIT0021] compared with 4.5% in our current study. Similarly, 13%[@CIT0020],[@CIT0021] of choroidal detachment was seen compared to nil in our study.

The number of post-operative medications in other studies mentioned earlier ranged from 0.30 ± 0.40 to 1.0 ± 1.0 in NPDS and 0.27 ± 0.5 to 1.2 ± 1.1 in trabeculectomy. In our study, it was 0.54 ± 0.95 which is comparable and lesser than some of the studies mentioned above.

Although NPDS studies did not report any occurrence of flat or shallow anterior chamber, trabeculectomy had a high rate varying from 7.7% to 33.3%.[@CIT0012]--[@CIT0015],[@CIT0017] The incidence was much lower (4.5%) in our study. A possible explanation for this lower figure could be due to the use of several intra-scleral space-occupying materials along with the application of multiple interrupted sutures to the scleral flap that provided suitable resistance to the aqueous flow. Furthermore, we did not encounter any eye with choroidal detachment (0%) when compared to previous reports of 0% to 5% in NPDS[@CIT0012],[@CIT0014] and 3% to 30% in trabeculectomy.[@CIT0014],[@CIT0015] Bleb leak was seen in 6.81% in our study, which is comparable to other studies reporting 2.6 to 12% in NPDS[@CIT0013],[@CIT0018] and 7 to 12% in trabeculectomy.[@CIT0012],[@CIT0018]

Hyphema was seen in 6.81% in our study compared with 2 to 15% in NPDS[@CIT0012],[@CIT0014] and 7.7 to 41% in trabeculectomy.[@CIT0013],[@CIT0018] This lower rate could be possibly related to surgical technique and location of anterior chamber entry and iridectomy.

Hypotonic maculopathy was seen in 4.5% and aqueous misdirection was seen in 1 eye in our study, which is comparable to 4% and 1 eye respectively in TVT[@CIT0015] study (trabeculectomy arm). The rate of hypotony was 13.6%, which is slightly higher than NPDS (10%)[@CIT0014] but lower than trabeculectomy (2.6 to 27.8%).[@CIT0013],[@CIT0017]

There were frequent post-operative interventions in the current study where 50% had bleb needling done when there were signs of bleb failure as evidenced by increased bleb vascularity with progressive IOP elevation or bleb encapsulation. Overall 13.6% underwent revision for bleb leak or hypotony. These figures possibly reflect our aggressive and proactive post-operative management in the pursuit of achieving target IOP for each patient.

Fortunately, none of the eyes in our study experienced serious sight-threatening complications such as endophthalmitis compared with 3% (trabeculectomy group) in TVT study[@CIT0015] during the post-operative follow-up ranging from 24--77 months.

The current report has limitations inherent in a retrospective study with a potential loss to follow-up, smaller sample size, non-controlled use of intrascleral space maintainer and that the data relied on past clinical notes. However, it gives us an insight into the ground realities of what could be achieved in our clinical practice with this technique. Moreover, this mDST can be useful to those surgeons who are learning to perform NPDS and transitioning from trabeculectomy to NPDS. Should inadvertent perforation of TDM occur during their NPDS procedure, the surgeon would be able to simply convert the NPDS to mDST.

Conclusions {#S0005}
===========

Combined mDST is a viable and effective procedure in the surgical reduction of IOP with associated complications commonly seen in glaucoma filtering surgery. The use of intra-scleral space maintainer may help provide resistance and modulate aqueous flow that could lower the risk of flat or shallow anterior chamber during the early postoperative period. Further prospective controlled randomized study comparing trabeculectomy with mDST may be worthwhile to determine its true place in terms of its effectiveness and safety in the armamentarium of glaucoma surgical procedures.
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[^1]: **Note:** Preoperative IOP was defined as the initial highest IOP before surgery.

[^2]: **Abbreviations:** n, numbers; SD, standard deviation; IOP, intraocular pressure; POAG, primary open-angle glaucoma; PACG, primary closed angle glaucoma; PEXG, pseudoexfoliation glaucoma; NTG, normal tension glaucoma; BCVA, best-corrected visual acuity; PL, perception of light.

[^3]: **Note:** Success is characterised for all 44 eyes according to IOP criteria and IOP percentage reduction.

[^4]: **Abbreviation:** IOP, intraocular pressure.

[^5]: **Abbreviation:** MMC, Mitomycin-C.
